Background: The objective assessment of major mobility disability (objective MMD) by a 400-m walk test (400 MWT) is important but not always practical. Previous research on the relationship between self-reported MMD (SR MMD) and objective MMD is sparse and limited to cross-sectional data. Methods: We evaluated agreement between SR MMD and objective MMD using longitudinal data from the Lifestyle Interventions for Elders (LIFE) study. The SR MMD indices were defined based on having a lot of difficulty or inability to walk a quarter of a mile (SR-1/4MILE), walk several blocks (SR-BLOCKS), and climb one flight of stairs (SR-STAIRS). Results: Using objective MMD as the gold standard, SR-1/4MILE and SR-BLOCKS had relatively low sensitivity (around 0.4) and high specificity (around 0.9) for prevalence. Their overall sensitivity and specificity for cumulative incident objective MMD were approximately 0.6 and 0.8, respectively. While the annual probability of staying MMD free was similar for objective MMD, SR-1/4MILE, and SR-BLOCKS (90% for all), the probability of recovering from SR MMD was higher (50%) than that of objective MMD (22%). The development of objective MMD (439 events), SR-1/4MILE (356 events), and SR-BLOCKS (379 events) had a similar trajectory over time with substantially overlapping survival curves. SR-STAIRS generally did not agree well with objective MMD. Incorporating SR-STAIRS with either SR-1/4MILE or SR-BLOCKS did not significantly improve the agreement between SR MMD and objective MMD. Conclusions: Simple SR-1/4MILE and SR-BLOCKS are reasonable candidates to define MMD if the primary outcome of interest is incident MMD.
practice. Previous research on the relationship between self-reported and objective assessments of MMD is sparse and limited to crosssectional data (4, 5) . The Lifestyle Interventions for Elders (LIFE) study collected concurrent longitudinal data on both self-reported measures of MMD and objective failure to complete the 400-m walk (3) . This provided us with a unique opportunity to comprehensively evaluate agreement between subjective and objective assessments of MMD across a period of 36 months.
MMD in the LIFE study was defined as failure to complete a 400-m walk test (400 MWT) in ≤15 minutes without assistance. We refer to this as objective MMD and used it as the gold standard to compare with several indices of self-reported MMD (SR MMD). The SR MMD was defined based on self-reported ability to walk a quarter mile, walk several blocks, or climb one flight of stairs. These self-report indices implicitly address the ability to remain mobile in the community, which is what the 400 MWT is meant to address. In the literature, researchers have frequently used walking-based and stair climb-based self-report items separately (6) (7) (8) (9) (10) as well as jointly (11) (12) (13) (14) (15) (16) to define mobility disability. Therefore, we examined the three items separately and we created composite SR MMD indices as well for ease of comparison with previous work.
The current analysis examined several scientific questions related to SR MMD. First, what is the sensitivity and specificity of the SR MMD indices using objective MMD as the gold standard? Second, how would the pattern of change over time for the SR MMD indices compare with objective MMD? Finally, how would the cumulative incidence rates across time for the SR MMD indices compare with objective MMD?
Methods

Data Source
The LIFE study is a multicenter, single-blind randomized trial that compared the effects of a physical activity intervention to a health education control program on (objective) MMD. It was designed to target adults aged 70-89 years who were sedentary, were at risk for mobility disability, and yet were able to walk 400 m in ≤15 minutes without sitting, using a walker, or needing the help of another person. A total of 1,635 participants were randomized to either physical activity or health education. Details regarding the study have been published elsewhere (3, 17, 18) . Briefly, the physical activity intervention involved moderate intensity walking, with a goal of 150 minutes/wk, accompanied by strength, flexibility, and balance training (17) . The intervention included both center-based visits and homebased activity for the duration of the study. Participants in the health education group attended workshops on topics in health education other than physical activity that were relevant to older adults. The study protocol was approved by the institutional review boards at all participating sites. Written informed consent was obtained from all study participants.
Measures
Objective MMD
The 400 MWT was assessed every 6 months at clinic visits. This test is a modified version of a walking test originally described by Newman and colleagues (19) . Participants were instructed to walk at their usual pace for 400 m (10 laps of a 20-m course defined by two cones). The maximum time allowed for the test was 15 minutes without sitting and without the help of a walker or another person; participants were allowed to stop and stand to rest for up to 1 minute and could use a cane, but they were not allowed to lean against any object to support their weight.
When MMD could not be objectively measured because of the inability of the participant to come to the clinic and absence of a suitable walking course at the participant's home, institution, or hospital, the outcome was adjudicated based on objective inability to walk 4 m in ≤10 seconds, or self-, proxy-, or medical recordreported inability to walk across a room. It would not be feasible for a participant who met any of these latter criteria to complete the 400 MWT within 15 minutes. For the purpose of this analysis, we excluded objective MMD events determined on the basis of self-or proxy-reported responses.
Self-reported MMD (SR MMD)
The assessment of SR MMD, which was completed at baseline, months 6, 12, 24, 36, and study closeout visits, was achieved using three questions from a disability questionnaire (8): (i) "During the past month, how much difficulty have you had walking a quarter of a mile, which is about 3 or 4 blocks, because of your health?" (SR-1/4MILE), (ii) "During the past month, how much difficulty have you had walking several blocks because of your health?" (SR-BLOCKS), and (iii) "During the past month, how much difficulty have you had climbing one flight of stairs because of your health?" (SR-STAIRS). The possible responses were "no difficulty", "a little difficulty", "some difficulty", "a lot of difficulty", "unable to do", "did not do for other reasons", or "don't know/refused". The responses "did not do for other reasons" or "don't know/refused" were excluded from analyses. For each question, the two response categories "a lot of difficulty" and "unable to do" were combined to define participants as having SR MMD (13, 15) . Additionally, we created two composite SR MMD indices, SR-1/4MILE-STAIRS and SR-BLOCKS-STAIRS. Specifically, SR-1/4MILE-STAIRS was defined based on development of either SR-1/4MILES or SR-STAIRS disability. The other combination, SR-BLOCKS-STAIRS, was defined in a similar fashion.
Statistical Analyses
Data on the 400 MWT performed at assessment visits occurring at months 6, 12, 24, 36, and study closeout visits were included in all analyses to align comparisons of self-report and objective measures collected at the same assessment visit. Using objective MMD as the gold standard, sensitivity and specificity for each SR MMD index were assessed in two different scenarios. First, we computed sensitivity and specificity for the prevalence of each SR MMD index against that of objective MMD. That is, sensitivity and specificity were computed for each follow-up visit separately using contingency tables. These served as cross-sectional examinations of the performance of the SR MMD indices. The average cross-sectional sensitivity and specificity throughout the course of the study were calculated using generalized estimating equations (GEE) to account for the correlations among repeated measures. An independence working correlation structure was chosen for all SR MMD indices based on QIC values. The 95% confidence intervals (CI) were reported.
Second, we evaluated the sensitivity and specificity for the incident SR MMD compared to the incident objective MMD at each follow-up visit and overall. Specifically, MMD events occurring at prior visits were carried forward into the analyses of subsequent visits so that cumulative incident events were examined. For example, participants who developed MMD at month 6 were treated analytically as incident events thereafter regardless of whether they recovered from MMD subsequently. We note that this approach of evaluating cumulative incidence has the limitation of ignoring the timing of the MMD events that may have occurred at different time points.
Next, to describe the pattern of change over time for SR MMD indices and the objective MMD, we used data from annual visits up to month 36 to fit first-order Markov transition models. Annual probabilities that participants transition in and out of a MMD state were estimated and presented in transition matrices. Finally, the onset of SR MMD and objective MMD were graphically compared using Kaplan-Meier curves and the incident rates were estimated using Poisson regression models. All analyses were pooled across treatment groups and were conducted using SAS 9.4 (Cary, NC).
Results
Although all participants were able to complete the 400 MWT successfully at baseline, 111 (7.4%), 137 (9.1%), and 72 (4.6%) reported having a lot of difficulty or inability to "walk a quarter mile", "walk several blocks", and "climb a flight of stairs" at baseline, respectively (Supplementary Table 2 ). Next, for each SR MMD index, we assessed its agreement with objective MMD among the participants who were free of SR MMD at baseline. Table 1 summarizes the cross-sectional sensitivity and specificity for the prevalence of SR MMD using the prevalence of objective MMD assessed at the same follow-ups as a gold standard. It indicates that the sensitivity for SR-1/4MILE was relatively low, ranging from 0.41 for month 6 to 0.48 for month 24, with an average of 0.40 (95% CI: 0.35-0.45) across the course of the study; the specificity was very high, ranging from 0.95 at month 6 to 0.93 at month 24, with an average of 0.93 (95% CI: 0.92-0.94). Similar patterns were observed for SR-BLOCKS. The overall crosssectional sensitivity and specificity were 0.42 (95% CI: 0.37-0.47) and 0.92 (95% CI: 0.91-0.93) for SR-1/4MILE and SR-BLOCKS, respectively. Using SR-STAIRS alone to define MMD yielded very low sensitivity (an average of 0.2) and markedly high specificity (an average of 0.96). The inclusion of this item in the composite definitions of SR MMD, that is, SR-1/4MILE-STAIRS and MMD SR-BLOCKS-STAIRS, led to marginal change in sensitivity and specificity.
In contrast to the relatively small increase in cross-sectional sensitivity over time, the sensitivity for the cumulative incident events increased steadily over time, reaching 0.60 for SR-1/4MILE
and SR-BLOCKS at the end of the study ( Table 2 ). The corresponding specificity for the cumulative incident events decreased somewhat compared to the average cross-sectional specificity, valued at around 0.85 and 0.82 for SR-1/4MILE and SR-BLOCKS, respectively. For SR-STAIRS, the sensitivity remained relatively low (0.32) and the specificity remained relatively high (0.91). Similar to what we observed for prevalence, the addition of SR-STAIRS did not substantially affect the sensitivity and specificity for the cumulative incident events for the two composite definitions of SR MMD. Table 3 presents the annual transition probabilities to move in and out of a MMD state. For objective MMD, there was approximately a 90% probability of staying MMD free and a 10% probability of developing MMD in 1 year. These probabilities were similar for SR-1/4MILE and SR-BLOCKS. For SR-STAIRS, the probability of staying SR MMD free is as high as 95%. However, for objective MMD, the probability of recovering from a previous MMD was only 22% in a year while this percentage was close to 50% for SR-1/4MILE and SR-BLOCKS and 60% for SR-STAIRS, respectively. The transition probabilities for SR MMD with and without the component of climbing one flight of stairs did not differ substantially.
Finally, we compared the onset of each SR MMD index with that of objective MMD. Figure 1 illustrates that the development of MMD using either SR-1/4MILE or SR-BLOCKS had a similar trajectory over time to that of objective MMD. The three KaplanMeier curves overlap substantially. Therefore, the overall incident rates were also similar for objective MMD, and MMD determined via either SR-1/4MILE or SR-BLOCKS (Table 4 ). The respective incident events (rates per 100 person years) were 439 (12.6%), 356 (11.8%), and 379 (13.2%). On the other hand, MMD defined by SR-STAIRS alone yielded higher survival probabilities over time compared to objective MMD. As a result, the corresponding incident rate for MMD of SR-STAIRS was only approximately half that defined by 400 MWT, with a total of 227 (6.7%) incident events. Both SR-1/4MILE-STAIRS and SR-BLOCKS-STAIRS produced slightly smaller survival probabilities over time and higher overall incident rates compared to objective MMD, with a total of 379 (13.9%) and 404 (15.3%) incident events for SR-1/4MILE-STAIRS and SR-BLOCKS-STAIRS, respectively. Note: LIFE = Lifestyle Interventions for Elders study; SR MMD = Self-reported major mobility disability. SR-1/4MILE was defined as having a lot of difficulty or inability to walk a quarter mile. SR-BLOCKS was defined as having a lot of difficulty or inability to walk several blocks. SR-STAIRS was defined as having a lot of difficulty or inability to climb one flight of stairs. SR-1/4MILE-STAIRS was defined as having a lot of difficulty or inability to walk a quarter mile or climb one flight of stairs. SR-BLOCKS-STAIRS was defined as having a lot of difficulty or inability to walk several blocks or climb one flight of stairs. a Overall sensitivity and specificity were calculated using generalized estimating equations.
Discussion
Our results demonstrate that the two individual items, SR MMD defined by the ability to walk a quarter mile (SR-1/4MILE) and the ability to walk several blocks (SR-BLOCKS), had differing levels of comparability depending on how the endpoint was defined with respect to agreement with the objective MMD defined by failure on the 400 MWT. When the focus was on prevalence of MMD, both SR-1/4MILE and SR-BLOCKS had relatively low sensitivity but overall high specificity. The specificity remained greater than 0.9 throughout the follow-up period. High specificity represents the high true negative rate and low false-positive rate of these two subjective measures of MMD. This is an important feature since the primary outcome of interest is the identification of objective MMD. A low false-positive rate implies that the participants classified as having MMD via SR-1/4MILE or SR-BLOCKS are likely to fail the 400 MWT. Additionally, since older adults are speculating about their ability to perform a task when asked, the low sensitivity and high specificity generally indicate that people are much more likely to know what they cannot do than what they can do. In a cross-sectional study conducted by Sayers and colleagues in 150 ambulatory and community-dwelling adults aged 75-90 years (5), a three-item self-report measure was developed from an 18-item instrument and one of the items was related to the 400-m walk with a binary response to "Do you think you could walk a quarter of a mile now without sitting down to rest?" They reported sensitivity and specificity of similar magnitude to the current study.
When the focus is on the incidence of MMD, we observed a gradual increase in sensitivity and slight decrease in specificity over time for both SR-1/4MILE and SR-BLOCKS. With a median follow-up of 2.5 years, the sensitivity and specificity reached around 0.6 and 0.8, respectively. The increasing sensitivity over time may indicate a learning effect. This also implies that the length of follow-up needs to be planned carefully when designing a study with SR MMD as the outcome. Given the relatively low sensitivity observed before 24 months in the LIFE study, a longer duration might be preferred to ensure that a self-report index provides a good balance between sensitivity and specificity as a proxy for failure with a 400 MWT.
Mobility disability is dynamic in nature, with older adults transitioning in and out of MMD status over time (6) . Our study shows that there were both similarities as well as some differences for the transition patterns between the objective and self-reported MMD measures. Given a participant that was MMD free, the annual probability of staying MMD free, or equivalently for developing MMD, was similar for objective MMD, SR-1/4MILE, and SR-BLOCKS. This similarity was also reflected in the comparison of incident MMD. The two SR MMD indices not only had similar event rates as the objective MMD, but also captured the trajectory of survival for objective MMD as indicated by the overlapping Kaplan-Meier curves. Therefore, they appear to be excellent candidates to define Note: LIFE = Lifestyle Interventions for Elders study; SR MMD = Selfreported major mobility disability. SR-1/4MILE was defined as having a lot of difficulty or inability to walk a quarter mile. SR-BLOCKS was defined as having a lot of difficulty or inability to walk several blocks. SR-STAIRS was defined as having a lot of difficulty or inability to climb one flight of stairs. SR-1/4MILE-STAIRS was defined as having a lot of difficulty or inability to walk a quarter mile or climb one flight of stairs. SR-BLOCKS-STAIRS was defined as having a lot of difficulty or inability to walk several blocks or climb one flight of stairs. Note: LIFE = Lifestyle Interventions for Elders study; SR MMD = Self-reported major mobility disability. SR-1/4MILE was defined as having a lot of difficulty or inability to walk a quarter mile. SR-BLOCKS was defined as having a lot of difficulty or inability to walk several blocks. SR-STAIRS was defined as having a lot of difficulty or inability to climb one flight of stairs. SR-1/4MILE-STAIRS was defined as having a lot of difficulty or inability to walk a quarter mile or climb one flight of stairs. SR-BLOCKS-STAIRS was defined as having a lot of difficulty or inability to walk several blocks or climb one flight of stairs. a Events occurring at prior visits were carried forward into the analyses of subsequent visits to compute cumulative incident events.
MMD if the primary outcome of interest is incident MMD. However, if a participant had already developed MMD, the transition patterns were substantially different for SR-1/4MILE or SR-BLOCKS than for objective MMD. When participants had already developed objective MMD, there was a low probability (around 22%) that they would be able to successfully complete the 400 MWT at the next annual visit. In contrast, for participants who self-reported a lot of difficulty or the loss of ability to complete a long-distance walk-SR-1/4MILE or SR-BLOCKS-there was a 50% chance that they would perceive some degree of recovery of such ability at the next annual visit. These findings suggest that neither of these two SR MMD indices should be used as a proxy for 400 MWT if the primary focus is on the pattern of change in MMD over time.
Finally, we note that SR MMD defined by ability to climb one flight of stairs alone (SR-STAIRS) has high specificity (>90%), but generally does not agree well with objective MMD. This is not surprising since ability to walk a long distance and ability to climb stairs measure different functional aspect of mobility. Additionally, incorporating the item SR-STAIRS with either SR-1/4MILE or SR-BLOCKS did not significantly improve the agreement between SR MMD and objective MMD.
It is important to note that although this study examined the use of SR MMD as a proxy for objectively defined MMD-failure on the 400 MWT-we recognize that there are important differences between the two (20) . For example, a 400 MWT is performed in a supervised, controlled environment where there are no competing demands such as interference from other people or the need to negotiate traffic/natural barriers such as curbs and uneven terrain. Thus, a 400 MWT is less ecologically valid than an assessment of one's capacities in the context of real world environments. Since it is not practical to conduct performance tests in the highly variable real world settings encountered by older adults, measurement of disability by self-report does have utility as an outcome measure when the interest is incident MMD. It is interesting that both measures of SR MMD (SR-1/4MILE and SR-BLOCKS) had a poor relationship with actual recovery across time from MMD as defined by the 400 MWT; as mentioned above, 22% of participants recovered from MMD when using the 400 MWT whereas this value was 50% for both SR-1/4MILE and SR-BLOCKS. It may well be that following MMD, participants are particular sensitive to any improvement in their mobility, an attentional bias that results in overestimating their capacity to actually walk a quarter mile or negotiate several blocks. The precise explanations for this divergence merit further inquiry.
Another difference between self-reported and objective MMD is that the 400 MWT has strengths and values beyond just ability to complete within 15 minutes. Time to complete 400 m is very informative in terms of cardiovascular health/endurance and is a validated measure of cardiorespiratory fitness (21) . The split times between the laps may also be informative. Finally, observing change in 400 MWT over time provides higher discriminatory power than just ability to complete or self-report MMD.
We note that in practice, a study that aims to assess incident SR MMD will include a group of participants who self-report not having a lot of difficulty walking a long distance but may actually fail the objective 400 MWT. However, the LIFE study only recruited participants who successfully completed the 400 MWT at baseline. Therefore, this analysis has limitations given our analytic sample for incident SR MMD was free initially of both objective and selfreported MMD. However, we estimate that the proportion of older adults who have objective MMD but are free of SR MMD is small. For instance, in a cross-sectional sample of participants who represented all possible combinations of objective and self-reported MMD status, the majority (95%) of older adults who reported having no difficulty walking a mile were also able to complete the 400 MWT (5). Thus, we believe that our results still provide some valuable guidance in conducting research on self-reported mobility disability in older populations.
The LIFE study is unique in that it used a maximum of 15 minutes to complete the 400-m walk as an operational definition for objective MMD. Researchers could certainly choose other definitions Onset of objective and self-reported MMD. MMD = Major mobility disability. SR-1/4MILE was defined as having a lot of difficulty or inability to walk a quarter mile. SR-BLOCKS was defined as having a lot of difficulty or inability to walk several blocks. SR-STAIRS was defined as having a lot of difficulty or inability to climb one flight of stairs. SR-1/4MILE-STAIRS was defined as having a lot of difficulty or inability to walk a quarter mile or climb one flight of stairs. SR-BLOCKS-STAIRS was defined as having a lot of difficulty or inability to walk several blocks or climb one flight of stairs. Note: LIFE = Lifestyle Interventions for Elders study; SR MMD = Selfreported major mobility disability. SR-1/4MILE was defined as having a lot of difficulty or inability to walk a quarter mile. SR-BLOCKS was defined as having a lot of difficulty or inability to walk several blocks. SR-STAIRS was defined as having a lot of difficulty or inability to climb one flight of stairs. SR-1/4MILE-STAIRS was defined as having a lot of difficulty or inability to walk a quarter mile or climb one flight of stairs. SR-BLOCKS-STAIRS was defined as having a lot of difficulty or inability to walk several blocks or climb one flight of stairs.
as, for example, is true of how researchers operationalize frailty. Cummings and colleagues recommended using 10 minutes as a cutoff in 400 MWT to define dismobility (22) . Therefore, one limitation of this analysis is that participants who completed the 400 MWT between 10 and 15 minutes in LIFE could arguably be considered to have MMD based on slow gait speed.
In conclusion, using longitudinal data from a group of older adults at risk of mobility disability at baseline, we found that two of three simple self-reported items on mobility had utility when compared to the objective MMD measure. When individually considered, each had good discriminant properties compared to the objective MMD measure for cumulative incident events and provided a good approximation for the temporal development of incident objective MMD. Therefore, they may constitute a reasonable substitute for the objective MMD measure in large-scale observational studies and implementation trials when the objective assessment of 400-m walk is not practical. Furthermore, the two simple SR MMD indices and the objective MMD measure may provide complementary information on the dynamic transition of functional status and warrant further research.
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